INTRODUCTION {#s1}
============

MicroRNAs (miRs) are endogenous short non-coding RNA molecules (containing about 22 nucleotides) found in various species, which functions in degradation and translational inhibition by perfect of imperfect complementarities with specific sequences of mRNA \[[@R1], [@R2]\], in this manner a single miR can regulate a large amount of independent targeted gene and involve in a variety of physiological and biochemistry process including diverse cellular signaling and metabolic pathways, as well as basic cell proliferation, differentiation, apoptosis. In addition, abnormal miRs expression is a hallmark of several diseases, including cancer \[[@R3], [@R4]\]. Some miRs, *per se, have* a substantial influence on disease progresses and been extensively studied and characterized, such as the canonical myomiR-133b. miR-133b belong to canonical muscle-specific microRNAs (myomiR) families(miR-1, −133 and -206s) and was initially considered muscle specific in that it was highly enriched in heart and skeletal muscle and played a critical regulator for muscle development and remodeling \[[@R5], [@R6]\]. But now more and more researches coming from our group and others indicated that miR-133b presented aberrant expression in various kinds of human cancer and might be closely associated with the occurrence and development of tumor.

Until now, there are 3 available reviews about miR-133b in English bibliographic databases. they are "Roles of the canonical myomiRs miR-1, -133 and -206 in cell development and disease" \[[@R6]\], "microRNA-133: expression, function and therapeutic potential in muscle diseases and cancer" \[[@R7]\] and "microRNA-1/133a and microRNA-206/133b clusters:Dysregulation and functional roles in human cancers" \[[@R5]\], respectively. However, discussions from these excellent reviews are mainly centered on the role of miR-133b in homologous cluster (miR-1, -133 and -206s) and sometimes its unique physiological functions are harder to distinguish and to be highlighted extremely well. Furthermore, most of researches springing up now in our group and others are focused mainly on one of myomiR and simultaneously found different myomiR isomer genes to be independently expressed under cell specific regulation, even discrepancy can occur in single myomiR. Therefore, in order to avoid ambiguous identification and highlight the unique pathological properties of miR-133b playing in human cancer, we made a review only for miR-133b. Firstly, we introduced the general situation of miR-133b, and then summarized the current understanding about functional significance and the aberrant expression of miR-133b acting in human cancer.

The overview of miR-133b {#s1_1}
------------------------

MicroRNA families miR-1 and miR-133, and single miR-206 are collectively known as the muscle-specific miRNAs ("myomiRs") because of they are highly conserved in the musculatures across species \[[@R8]\]. miR-133b and miR-206, two isomers of miR-1 and miR-133a form different clusters located in on chromosomes 6p12.2, 20q13.33 and 18q11.2, respectively. Although these miRs have the same specificity of tissue expression, mature miRNA sequence present variant nucleotiedes (Figure [1A](#F1){ref-type="fig"} shows the representative gene structure of miR-133b/miR-206 clusters and each mature miRNA sequence), this also explains to a certain extent its function may be different. Recently, burgeoning literatures have found that these gene clusters also play an import role in human cancer apart from muscle tissue. To avoid the repetition and encumbrance of related contents, and help focus on unique pathological role of miR-133b in cancer, more minute details about myomiRs can be found in these excellent review papers \[[@R5], [@R6], [@R9]\]. For a more comprehensive understanding the latest updates and condition of miR-133b properties in cancer regulatory networks and tumor biology, Firstly, we performed an extremely simple mathematical analysis. Literature searches (Pubmed) in the Figure [1B](#F1){ref-type="fig"} have showed the research proportion of 4 different myomiRs in all literatures and in article on cancer, year distribution of miR-133b with cancer was presented in Figure [1C](#F1){ref-type="fig"}, which indicated the study of miR-133b is proportionately less and growing annually, remarkably, it seem that more research of miR-133b is about caner. At the same time, we also analyzed the proportion of miR-133b in various cancers, and research categories of miR-133b involved in tumor, the result indicated that the majority of the study about miR-133b focuses on pathomechanism and digestive tract neoplasms (Figure [1D](#F1){ref-type="fig"} and [1E](#F1){ref-type="fig"}). In addition, another original intention for this review is that there has been individual review for each myomiRs but miR-133b, these independent reviews about miR-133 \[[@R7]\]/a \[[@R10]\], miR-1 \[[@R11]--[@R13]\], miR-206 \[[@R14], [@R15]\] and miR-133b which we review in here is so particularly important for us to understand the jointly or independently role of myomiRs acting in human disease.

![The overview of miR-133b\
(**A**) The representative gene structure of miR-133b/miR-206 clusters and the mature miRNA sequence of these two miRNAs; miR-133b/miR-206 clusters located in on chromosomes 6p12.2 and miR-133b gene transcript is located within the precursor of the long non-coding RNA linc-MD1. (**B**) The research proportion of 4 different myomiRs in all literatures and the literatures on cancer. The study of miR-133b is proportionately less and more research of it is about caner. (**C**) The year distribution of study of miR-133b with cancer. (**D**) The research categories of miR-133b were involved in tumor, the majority of the study about miR-133b focuses on pathomechanism. (**E**) The proportion of miR-133b in various cancers, the majority of the study about miR-133b focuses on digestive tract neoplasms. Bladder cancer (BCs); colorectal cancer(CRC); hepatocellular carcinoma(HC); lung cancer(LC); glioma(GL); ovarian cancer(OC); prostate cancer(PCs); gastric cancer(GC); pancreatic cancer(PC); esophagus cancer(EC); myeloid leukemia(ML); osteosarcoma(OsC); renal carcinoma(RC); breast cancer(BC); pheochromocytoma and paraganglioma(PP); Uterine sarcoma(UC); small bowel gastrointestinal stromal tumors (GIST); review(R); cervical carcinoma(CC); head-neck carcinoma(HNC);Carcinoma of Tongue(TC); laryngeal cancer(LnC); nasopharyngeal carcinoma(NC); comprehensive papers involved several human cancer(CP).](oncotarget-08-50193-g001){#F1}

The target genes of miR-133b involved in human cancer {#s1_2}
-----------------------------------------------------

Because microRNA perform functions mainly depending on the way that miRNA suppresses the translation and stability of target genes by binding to the 3′-UTRs of target mRNAs, so first we focus on all target genes of miR-133b. In order to increase reliability, the experimentally validated genes (compiled from miRTarBase 6.0 \[[@R16]\], DIANA-TarBase v7.0 \[[@R17]\]) and predicted targets supported by CLIP-Seq data (compiled from starBase v2.0 \[[@R18]\]) were used in this review. As showed in Figure [2A](#F2){ref-type="fig"}, Figure [2B](#F2){ref-type="fig"} and [Supplementary Table 1](#SD2){ref-type="supplementary-material"}, 725 target genes eventually are selected. Enrichment analysis of KEGG pathway and OMIM Disease were performed through Enricher \[[@R19]\], the result showed that several pathway and diseases on cancer, including "Proteoglycans in cancer", "Pathways in cancer", "Central carbon metabolism in cancer", "breast cancer" and "ovarian cancer", are among the statistically enriched categories (Figure [2C](#F2){ref-type="fig"}, Figure [2D](#F2){ref-type="fig"} and [Supplementary Table 2](#SD3){ref-type="supplementary-material"}). The miRNA-mRNA interactions indicated miR-133b play a central role in human cancer.

![Enrichment analysis of the target genes of miR-133b\
(**A**) the experimentally validated genes and predicted targets supported by CLIP-Seq data were selected, the database miRTarBase 6.0 and DIANA-TarBase v7.0 provieded 80 and 66 experimentally validated genes, respectively; the starBase v2.0 provided 641 predicted targets supported by CLIP-Seq data, the CLIP-Seq data can explore anti-correlation (pearson correlation: r \< 0, *p-value* \< 0.05) between miRNA and target genes across diverse cancer types (more details can be found in [Supplementary Table 1](#SD2){ref-type="supplementary-material"}). (**B**) The representative CLIP-Seq data about anti-correlation between miR-133b and target genes. SUMO2 gene vs. miR-133b in Colon and Rectal adenocarcinoma (CRC) and CLTA gene vs. miR-133b in papillary thyroid carcinoma (THCA) were listed in here. (**C**) Enrichment analysis of KEGG pathway through Enricher, 13 top statistically enriched results was listed here, more details can be found in [Supplementary Table 2](#SD3){ref-type="supplementary-material"}. (**D**) Enrichment analysis of OMIM Disease through Enricher, 14 top statistically enriched results was listed here, more details can be found in [Supplementary Table 2](#SD2){ref-type="supplementary-material"}.](oncotarget-08-50193-g002){#F2}

Modulatory effect of miR-133b in cancer cell proliferation and apoptosis {#s1_3}
------------------------------------------------------------------------

Sustaining proliferative signaling and resisting cell death are the most fundamental trait acquired during the cascade process of human tumors \[[@R20]\], the dysregulation of expression of miR-133b in cancers is often associated with these biological features via the deregulation of various validated gene target (Figure [3C](#F3){ref-type="fig"}), Table [1](#T1){ref-type="table"}. Tumor necrosis-factor (TNF)-related apoptosis-inducing ligand (TRAIL) is a member of the TNF-superfamily that selectively induces apoptosis through death receptors (DRs) 4 and/or 5 in cancer cells, however, cancer cells can evade TRAIL-induced apoptosis by acquiring TRAIL-resistance \[[@R21]\]. Using α-mangostin, which is a xanthone derivative, to treat TRAIL-resistant human colon cancer DLD-1 cell line and breast epithelial proliferating MCF10A and found that α-mangostin curb the expression of miR-133b and relieve inhibition of miR-133b on its target gene DR5, which canceled the resistance and effectively induced the translocation of DR5 to the cancer cell surface membrane in TRAIL-resistant DLD-1 cells \[[@R22]\]. The difference is that miR-133b can caused exacerbated proapoptotic responses to TNF-related apoptosis-inducing ligand (TRAIL) in HeLa cells \[[@R23]\], what led to the phenomenon is miR-133b suppresses its immediate taget-antiapoptotic protein Fas apoptosis inhibitory molecule (FAIM) and antiapoptotic enzyme detoxifying protein glutathione-S-transferase pi (GSTP1) and promote TRAIL or αFas/CD95-mediated apoptosis, what is important is that the mechanism similar to HeLa cells can also be found in androgen-independent prostate cancer \[[@R23]\]. Interesting, miR-133b, recognized as androgen receptor (AR)targets, can promoting cell survival and proliferation in the androgen-dependent PCa cells by represses CDC2L5, PTPRK, RB1CC1, and CPNE3 \[[@R24]\], RB1CC1, which regulate cell growth, cell proliferation, apoptosis, can be repressed by miR-133b in less aggressive LNCaP prostate cancer cells \[[@R25]\]. Comparison of all these studies concludes that miR-133b have played a dual role in androgen-independent PCa and androgen-dependent PCa.

![Tumor suppressive signatures of miR-133b involved in human cancer and its regulatory mechanism\
(**A**) The histone modification, promoter DNA hypermethylation and transcription factor including androgen receptor (AR) and tumor protein p63(TAp63) directly mediate miR-133b expression; miR-145 and Long non-coding RNAs (lncRNAs) may directly and indirectly regulate the expression of miR-133b. Me: methylation of histone and CpG island in promoter region. AC: acetylation; A\# Regulatory network of miR-133b involved in altered energy metabolism of cancer cells. miR-133b control PKM expression (switching of PKM1 to PKM2) through targeting polypyrimidine tract-binding protein 1 (PTB1) or directly target PKM2 gene. (**B**) miR-133b can regulate the PI3K/AKT, MARK and STAT signaling pathways to participate in the occurrence and development of tumor by targeting epidermal growth factor receptor (EGFR), mammalian sterile 20-like kinase 2(MST2), cell division control protein 42 homolog (CDC42) or ras homolog gene family member A (RHOA); In glioblastoma (GBM) microvasculature, miR-133b, targeting and curbing EGFR indirectly elevated the expression of the platelet-derived growth factor receptor beta (PDGFRB). (**C**) Modulatory network of miR-133b in cancer cell proliferation, apoptosis and invasion. MiR-133b can participate in cancer cell proliferation; apoptosis and invasion through directly suppressing the gene including DR5, FAIM, GSTP1, CDC2L5, PTPRK, RB1CC1, CPNE3, MCL-1, BCL2L2, Mcl-1, Bcl-xL, FGFR1, Sp1, TBPL1, hERG, Kv11.1, KCNH2, CTGF, Nup214, c-Met, Sirt1 and S1PR1. These target genes directly or indirectly activate biological pathways to be involved in human cancer cell proliferation, apoptosis and invasion.](oncotarget-08-50193-g003){#F3}

###### The expression of miR-133b and its related targeting genes involved in human cancer

  No.        Cancer types                              Related gene                          Desription                                                                                                                                                                Function                                                                                                                       Re.
  ---------- ----------------------------------------- ------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------ -------------
  1(+)       Hepatocellular carcinoma                  PPP2R2D(−)                            one of four isoforms (α, β, γ, and δ) of the protein phosphatase 2A                                                                                                       cell cycle regulation                                                                                                          \[[@R65]\]
  2(−)       NSCLC (radioresistant)                    PKM2(+)                               pyruvate kinase isoform M2                                                                                                                                                inhibition of PKM2-mediated glycolysis                                                                                         \[[@R40]\]
  3(−)       Colorectal adenoma and cancer             PTB1;PKM2(+)/PKM1(−)                  polypyrimidine tract-binding protein 1; Pyruvate kinase muscle has 2 isoforms                                                                                             switch their PKM isoform from PKM1 to PKM2 and promotes the Warburg effect                                                     \[[@R42]\]
  4(−)       Ovarian cancer(chemotherapy resistance)   GST-π /MDR1(+)                        glutathione S-transferase (GST)-π and multidrug resistance protein 1 (MDR1)                                                                                               reduce ovarian cancer drug resistance                                                                                          \[[@R69]\]
  5(+)       glioblastoma (GMP)                        EGFR (−)                              epidermal growth factor receptor                                                                                                                                          microvascular proliferation                                                                                                    \[[@R52]\]
  7(−)       Glioblastoma                              MMP14)(+)                             matrix metalloproteinase 14                                                                                                                                               inhibits cell migration and invasion                                                                                           \[[@R56]\]
  8(−)       Ovarian cancer                            EGFR(+)                               epidermal growth factor receptor                                                                                                                                          inhibit proliferation and invasion                                                                                             \[[@R44]\]
  9(+)       Cancer associated fibroblasts (CAF)       IL6 (untargeted gene)                 interleukin-6                                                                                                                                                             IL6-HPFs and (cancer associated fibroblasts) CAFs                                                                              \[[@R62]\]
  10(?)      \*DLD-1, \#MCF10A cells                   DR5(−)                                death receptors 5                                                                                                                                                         induces apoptosis                                                                                                              \[[@R18]\]
  11(/)      (HeLa cells)cervical cancer               FAIM/GSTP1                            antiapoptotic protein Fas apoptosis inhibitory molecule/detoxifying protein glutathione-S-transferase pi                                                                  induces apoptosis                                                                                                              \[[@R19]\]
  12(−)      Androgen-independentprostate cancer       FAIM/GSTP1(+)                         antiapoptotic protein Fas apoptosis inhibitory molecule/detoxifying protein glutathione-S-transferase pi                                                                  impaired proliferation and cellular metabolic activity and induces apoptosis                                                   \[[@R19]\]
  13(−)      Colorectal cancer                         c-Met(+)                              MET proto-oncogene, receptor tyrosine kinase                                                                                                                              effect the proliferation and apoptosis                                                                                         \[[@R33]\]
  14(−)      Squamous cell carcinoma of tongue         PKM2(+)                               pyruvate kinase isoform M2                                                                                                                                                interfere with the efficiency of proliferation and apoptosis                                                                   \[[@R43]\]
  15(−)      Lung cancer                               MCL-1/ BCL2L2 (BCLw)(+)               members of the B-cell CLL/lymphoma 2 (BCL-2) family of apoptotic molecules                                                                                                induces apoptosis                                                                                                              \[[@R23]\]
  16(−)      ESCC                                      FSCN1(+)                              fascin actin-bundling protein 1                                                                                                                                           cell growth and invasion inhibition                                                                                            \[[@R57]\]
  17(+)      Cervical carcinoma                        MST2/CDC42/RHOA(−)                    mammalian sterile 20-like kinase 2/cell division control protein 42 homolog/ras homolog gene family member A                                                              results in activation of AKT1 and ERK signaling pathways, and promotes both *in vivo* tumorigenesis and metastasis             \[[@R51]\]
  18(−)      Prostate cancer                           EGFR(+)                               epidermal growth factor receptor                                                                                                                                          inhibited cell proliferation, migration and invasion                                                                           \[[@R45]\]
  19(−)      Non-small cell lung cance                 EGFR(+)                               epidermal growth factor receptor                                                                                                                                          modulate apoptosis, invasion and sensitivity to EGFR-TKI                                                                       \[[@R47]\]
  20(−)      Gastrointestinal stromal tumor            FSCN1(+)                              fascin actin-bundling protein 1                                                                                                                                           tumor size, mitotic counts, risk grade, blood vessel invasion and mucosal ulceration                                           \[[@R58]\]
  21(−)      Bladder cancer                            EGRR(+)                               epidermal growth factor receptor                                                                                                                                          inhibits cell proliferation, migration and invasion                                                                            \[[@R46]\]
  22(−)      Osteosarcoma                              MET(+)                                MET proto-oncogene, receptor tyrosine kinase                                                                                                                              control cell proliferation and cell cycle                                                                                      \[[@R34]\]
  23(−)      Gastric cancer                            FGFR1(+)                              fibroblast growth factor receptor-like 1                                                                                                                                  inhibit cell proliferation and colony formation                                                                                \[[@R27]\]
  24(+)      Androgen-dependent Pca                    CDC2L5, PTPRK, RB1CC1, and CPNE3(−)   encoded CDK13, tyrosine phosphatase (PTP) family, transcription factor termed RB1-inducible coiled-coil 1, calcium-dependent membrane-binding protein termed copine III   promoting cell survival and proliferation, basically required for mediating AR signalling to PCa cell viability and survival   \[[@R20]\]
  25(−)      Colorectal cancer                         CXCR4(+)                              C-X-C motif chemokine receptor 4                                                                                                                                          inhibited invasion and stimulated apoptosis                                                                                    \[[@R60]\]
  25(−)      Osteosarcoma                              BCL2L2, MCL-1, IGF1R, MET(+)          lymphoma 2 (BCL-2) family of apoptotic molecules, members of the B-cell CLL, insulin like growth factor 1 receptor, MET proto-oncogene, receptor tyrosine kinase          inhibited cell proliferation, invasion and migration, and induced apoptosis                                                    \[[@R24]\]
  26(−)      Gastric cancer                            Gli1(+)                               GLI family zinc finger 1, Zeb2 and OPN are direct transcriptional targets of Gli1                                                                                         inhibits cell migration and invasion                                                                                           \[[@R61]\]
  27(−)      Colon cancer                              RhoA, TAp63 (untargeted gene)(−)      ras homolog gene family member A, tumor protein p63, microRNA-133b is a transcriptional target of TAp63                                                                   TAp63 inhibits cell migration and invasion through microRNA-133b                                                               \[[@R115]\]
  28(+/--)   Prostate cancer                           RB1CC1(−)                             RB1 inducible coiled-coil 1                                                                                                                                               effect the cell proliferation, cell cycle, and apoptosis                                                                       \[[@R21]\]
  29(−)      Colorectal cancer                         TBPL1(+)                              TATA-box binding protein like 1                                                                                                                                           proliferation                                                                                                                  \[[@R29]\]
  30(−)      Gastric cancer                            Sp1(+)                                Sp1 transcription factor                                                                                                                                                  inhibit proliferation, migration, invasion and cell cycle progression                                                          \[[@R28]\]
  31(−)      Glioma                                    hERG, Kv11.1, KCNH2(+)                the human ether-a-go-go-related gene potassium channel                                                                                                                    inhibition of proliferation of and induced apoptosis                                                                           \[[@R30]\]
  32(−)      Bladder cancer                            BCL2L2(Bcl-w), Akt1(+)                Bcl-2-like protein 2, serine/threonine kinase 1                                                                                                                           inhibition of proliferation of and induced apoptosis                                                                           \[[@R25]\]
  33(−)      Gastric cancer                            FSCN1(+)                              Fascin actin-bundling protein 1                                                                                                                                           inhibit cell proliferation, cell migration and invasion                                                                        \[[@R59]\]
  34(−)      Several human cancer                      Nup214(+)                             nucleoporin 214                                                                                                                                                           perturbs mitotic timing and leads to cell death                                                                                \[[@R32]\]
  35(−)      Colorectal cancer                         EGFR                                  epidermal growth factor receptor                                                                                                                                          inhibit growth and invasion                                                                                                    \[[@R48]\]
  36(−)      Gastric cancer                            Mcl-1, Bcl-xL(+)                      BCL2 family apoptosis regulator                                                                                                                                           suppress GC cell proliferation and promote cell apoptosis                                                                      \[[@R26]\]
  37(−)      Glioma                                    Sirt1(+)                              silent information regulator 1                                                                                                                                            reduced the proliferation and invasion                                                                                         \[[@R36]\]
  38(−)      Hepatocellular carcinoma                  Sirt1(+)                              silent information regulator 1                                                                                                                                            regulating HCC cell proliferation, invasion and apoptosis                                                                      \[[@R35]\]
  39(−)      Nasopharyngeal carcinoma                  S1PR1(+)                              Sphingosine-1-phosphate receptor 1                                                                                                                                        suppresses cell proliferation                                                                                                  \[[@R37]\]
  40(−)      Hepatocellular carcinoma                  CTGF(+)                               Connective tissue growth factor                                                                                                                                           influences HCC cell proliferation and migration, and ductular reaction (DR)/oval cell (OC) response                            \[[@R31]\]

HPF: human prostate fibroblasts;\* DLD-1 cell line, TRAIL-resistant human colon cancer; \# MCF10A cells, breast epithelial proliferating; -: decreased expression; +: increase expression. Re.: reference; GMP: Glioblastoma microvascular proliferation; ESCC: Esophageal squamous cell carcinoma

Besides TNF path, the Bcl-2 family is also important in regulate cell death (apoptosis), by either inducing (pro-apoptotic) or inhibiting (anti-apoptotic) apoptosis \[[@R26]\]. Two members of the BCL-2 family of pro-survival molecules (MCL-1 and BCL2L2 (BCLw)) as predicted targets of miR-133b have been identified in lung cancer, osteosarcoma, bladder cancer and gastric cancer (Mcl-1 and Bcl-xL), in which over-expression of miR-133b can induce apoptosis though theses apoptosis regulator in tumor cells \[[@R27]--[@R30]\]. Yet expect all the apoptotic pathways, miR-133b can regulate genes closely related to proliferation, such as fibroblast growth factor receptor 1 (FGFR1), and Sp1 and its downstream proteins Cyclin D1 in gastric cancer \[[@R31], [@R32]\], TATA-box binding protein like 1(TBPL1) in colorectal cancer \[[@R33]\], the human ether-a-go-go-related gene potassium channel (hERG, Kv11.1, KCNH2) in glioma \[[@R34]\]and connective tissue growth factor(CTGF) in hepatocellular carcinoma (HCC) \[[@R35]\].

What is particularly intriguing is that miR-133b can conspicuously suppress nucleoporin member Nup214 expression in serveral human cancer, and which increased mitotic indices and delayed degradation of mitotic marker proteins cyclinB1 and cyclinA and dephosphorylation of H3. Moreover, this mitotic delay boosts chromosomal abnormalities and apoptosis \[[@R36]\]. Some signaling pathway can be affected by miR-133b, such as c-Met engagement activates multiple oncogenic pathways (RAS, PI3K, STAT3, beta-catenin), which itself is the Immediate target gene of miR-133b in colorectal cancer (CC) and osteosarcoma, its suppression can affected tumor cell proliferation and apoptosis *in vitro* and *in vivo* \[[@R28], [@R37], [@R38]\]. In glioma and hepatocellular carcinoma, miR-133b inhibit its target gene silent information regulator 1 (Sirt1) and then suppress cell proliferation and invasion together with increasing apoptosis, the specific influence mechanism may be the miR-133b/Sirt1/GPC3/Wnt β-catenin pathway, by which a series of genes such as Bcl-2, Bcl-xL, Mcl-1 and E-cadherin were regulated \[[@R39], [@R40]\]. Anti-apoptotic oncogene Bcl-2, Mcl-1 and cellular inhibitor of apoptosis-2 (c-IAP2) also can be modulated through miR-133b /S1PR1 /STAT3 signaling in nasopharyngeal carcinoma, sphingosine-1-phosphate receptor 1 (S1PR1) was predicted to be a target of miR-133b \[[@R41]\].

Regulatory role of miR-133b in altered energy metabolism of cancer cells {#s1_4}
------------------------------------------------------------------------

That metabolic alterations in cancer cells can drive tumor progression have already been widely accepted, a cancer-associated metabolic biochemistry pathway, Warburg effect, activates glycolysis and fuels tumor growth by providing energy and biosynthetic demands of cancer cells \[[@R42], [@R43]\]. In lung cancer cells, miR-133b suppresses glycolysis and improves radiotherapy by targeting PKM2 (pyruvate kinase isoform M2), which is an essential enzyme involved in glycolysis and promoted the Warburg effect \[[@R44]\]. Much evidence indicates that PKM1, another isoform of Pyruvate kinase muscle (PKM) gene, is expressed in normal differentiated tissues, whereas PKM2 is expressed in proliferating and cancer cells, heterogeneous nuclear ribonucleoprotein (hnRNP) family can regulate the alternative splicing to switch their PKM isoform from PKM1 to PKM2 during tumor development \[[@R45]\]. In colorectal adenoma cancer miR-133b controlling PKM expression (switching of PKM1 to PKM2) through targeting polypyrimidine tract-binding protein 1 (PTB1), which is a splicer of the PKM gene and also known as hnRNPI \[[@R46]\]. Earlier finding also showed that miR-133b was significantly reduced in squamous cell carcinoma (SCC) of tongue which depress PKM2 and interfere with the efficiency of proliferation and apoptosis \[[@R47]\]. (Figure [3A](#F3){ref-type="fig"}), Table [1](#T1){ref-type="table"}.

The miR-133b and epidermal growth factor receptor {#s1_5}
-------------------------------------------------

The relationship between miR-133b and epidermal growth factor receptor (EGFR) separately discussed here mainly because the fact that miR-133b target EGFR or alter EGFR-specific genetic pathways have been found in several human cancer, such as ovarian cancer (OC) \[[@R48]\], prostate cancer (PC) \[[@R49]\], bladder cancer \[[@R50]\], (non-small-cell lung cancer) NSCLC \[[@R51]\], colorectal cancer \[[@R52]\]. And as we all know, EGFR, a transmembrane glycoprotein, constitutes one of the four members of ErbB family of tyrosine kinase receptors; activation of it can initiate several signal transduction cascades, principally the MAPK, Akt and JNK pathways \[[@R53]\], furthermore, EGFR overactivity have been associated with a number of cancers and led to the development of anticancer therapeutics called "EGFR inhibitors" \[[@R54]\]. It\'s sure that dysregulated miR-133b plays a crucial role in the process---then, what is the concrete mechanism? In OC, miR-133b can reduce the phosphorylation of Erk1/2 and Akt by targeting EGFR \[[@R48]\]. The protein level of EGFR, phosphorylated ERK and AKT, MMP-2 was significantly lowered in PC cell lines after transfection of miR-133a/b, which indicate miR-133a/b suppress EGFR in PC cells whereby inactivating the downstream signals, MMP-2, as an effector of EGFR pathway and mediating cell migration and invasion \[[@R49]\], similar mechanisms may occur in NSCLC \[[@R51]\]and in bladder cancer \[[@R50]\]. Equally attractive is combined treatment of miR-133b and cetuxima can intensify suppression effect on the growth and invasion of colorectal cancer cells by modulating EGFR \[[@R52]\]. Although not concerning the gene EGFR, upregulation of miR-133b in cervical carcinoma boosts tumorigenesis and metastasis by targeting mammalian sterile 20-like kinase 2 (MST2), cell division control protein 42 homolog (CDC42) and ras homolog gene family member A(RHOA), which subsequently bring about activation of the Akt and MARK signaling pathways \[[@R55]\].

Notwithstanding the fact that EGFR gene are commonly present in cancer, while there is a significant decrease in the expression of EGFR in glioblastoma (GBM) microvasculature, for the platelet-derived growth factor receptor beta (PDGFRB), involved in GBM angiogenesis, occupy the primary position in microvascular proliferation, one of the reason is several elevated expression of miRs, including miR-133b, targeting and curbing EGFR \[[@R56]\]. (Figure [3B](#F3){ref-type="fig"}), Table [1](#T1){ref-type="table"}.

Regulation mechanism of miR-133b inhibiting cell migration and innovation {#s1_6}
-------------------------------------------------------------------------

The metastatic programme encompasses multiple sequential steps and involves a set of genes that regulate these complex processes. Note that many miRNAs are aberrantly expressed in various human cancers and regulate metastasis-associated genes and the vast majority of miRs performed functions by inhibit its downstream target genes \[[@R57], [@R58]\]. With the latest deciphering of roles for miR-133b in the metastatic programme there are numerous such cancer gene have been identified, such as MMP14, MMP-9, the member of MMPs family, can be suppressed in GBM and renal cell carcinoma \[[@R59], [@R60]\], respectively. (Figure [3B, 3C](#F3){ref-type="fig"}), Table [1](#T1){ref-type="table"}. Fascin actin-bundling protein 1(FSCN1), which plays a critical role in cell migration, motility, adhesion and cellular interactionsin, in esophageal squamous cell carcinoma (ESCC) \[[@R61]\], gastrointestinal stromal tumor(GIST) \[[@R62]\] and gastric cancer \[[@R63]\], C-X-C motif chemokine receptor 4(CXCR4) and in colorectal cancer \[[@R64]\], IGF1R, MET, phospho-Akt and FAK in osteosarcoma \[[@R28]\], Gli1 in gastric cancer(GC) \[[@R65]\], Sp1 and its downstream proteins MMP-9 in GC \[[@R32]\], CTGF in HCC \[[@R35]\].

In addition, miR-133b can mediate cancer metastasis via regulating the tumor microenvironment, previous study \[[@R66]\] have found a marked up-regulation of miR-1 and miR-133b in interleukin-6 (IL6)-(human prostate fibroblasts) HPFs and (cancer associated fibroblasts) CAFs, miR-133b not only is able per se to promote fibroblast activation by inducing phenotypic changes but can be secreted by activated fibroblasts and may intake further by prostate carcinoma cells, by which mesenchymal phenotype would be established, and then CAFs induce EMT in tumor cells. These researches about miR-133b as metastasis promoter and metastasis suppressor therefore represent a new approach that may enhance our understanding of the molecular mechanisms modulating the metastatic cascade.

Regulation mechanism of miR-133b in chemotherapy and radiotherapy {#s1_7}
-----------------------------------------------------------------

Chemotherapy still remains the mainstay of treatments for locally advanced and metastasized cancer, but chemo-resistant properties created insurmountable problems for cancer therapy. Recent clinical and experimental studys showed that dysregulation of specific miRNAs cause drug resistance in various cancers and modification of these miRNAs via miRNA mimics or antagomiRs can rehabilitate the gene regulatory network and sensitize cancerous cells to chemotherapy \[[@R67], [@R68]\].

B55δ, encoded by the PPP2R2D gene, can increase the suppressive effect of cisplatin (cDDP) in Hepatocellular carcinoma (HC), miR-133b was up-regulated in HC cells and directly target PPP2R2D and suppress its expression and further disrupt its effect in improving chemotherapeutic sensitivity \[[@R69]\]. Another study in HC \[[@R70]\], However, found that miR-133b showed downregulation and might act as tumour suppressor, then, the participants accepted transarterial chemoembolization (TACE) using chemotherapy agents-doxorubicin and cisplatin, miR-133b and othter 11 miRNAs were significantly upregulated in the patients group of nonresponders compared to responders, so research suggests 12 miRNAs might be cooperatively associated with the development of resistance to doxorubicin-cisplatin combined treatment, the underlying cause was that 3 miRNAs among theser miRNAs are directly linked to drug resistance in cancer, especially miR-27a and miR-130a can stimulate MDR1-mediated drug resistance in HC cells, it had been identified that multidrug resistance protein 1(MDR1 or ABCB1) involved in doxorubicin and cisplatin resistance \[[@R71], [@R72]\]. Similarity, yet paradoxically, miR-133b was significantly lower in primary resistant ovarian carcinomas and cell lines and reduced ovarian cancer drug resistance by silencing the expression of the drug-resistance-related proteins, glutathione S-transferase(GST-π) and multidrug resistance protein 1 (MDR1) \[[@R73]\]. Moreover, the response rate of esophageal squamous cell carcinoma (ESCC) patients to paclitaxel-based chemotherapy was significantly higher in combined miR-133a/b downregulation group \[[@R74]\], miR-133b contributes to arsenic-induced apoptosis in glioma cells \[[@R34]\] and the joint utilization of miR-133b and cetuxima can enhance suppression effect on the growth and invasion of colorectal cancer cells by modulating EGFR \[[@R52]\]. These studies, though present tissue specificity, clearly confirmed that the chemotherapy efficiency of cancer is more closely related to abnormal expression of miR-133b.

Besides the regulatory effects of miR-133b involved in chemosensitivity, some studies have also demonstrated its role playing in radiosensitivity. miR-133 was downregulated in radioresistant lung cancer cells, but restoring the miR-133b can resensitizes radioresistant lung cancer cells through the inhibition of PKM2-mediated glycolysis that interfere the sensitivity mechamism. Table [1](#T1){ref-type="table"}.

The expression of miR-133b {#s1_8}
--------------------------

As discussed in the previous section, miR-133b performs functions mainly depending on target genes suppressed by it, so in the first place, all target genes of miR-133b involved in human cancer were reviewed above. But a lot of research only focuses on the altered expression of miR-133b itself in human cancer; these studies demonstrated important clinical significance but there are still a lot of great challenges or paradoxes for us to solve, especially the double expression level of miR-133b in different cancers and or even in single human cancer. In the sections that follow, the clinical implication of altered expression of miR-133b in human cancer and the possible problems or paradoxes were analyzed.

Clinical implication of altered expression of miR-133b in human cancer {#s1_9}
----------------------------------------------------------------------

The identification of makers which can predict the oncogenesis and development of tumor is one of the highest priorities for translational cancer study. miRNAs could represent such much-anticipated biomakers and the potential for this had been identified for several different cancer forms \[[@R58], [@R75], [@R76]\]. To analyse and compare the pathological tissue by qPCR may be relatively commonly used in identifying promising tumor biomarkers, the overwhelming majority of the analyzed tumor entities showed significantly decreased intracellular miR-133b expression compared to matched non-malignant tissue, including lung cancer \[[@R77]\], urothelial carcinoma of bladder \[[@R78], [@R79]\], gastric cancer \[[@R63], [@R80]\], osteosarcoma \[[@R81]\]. These studies indicated that the downregulation of miR-133b was the independent factor and significantly associated with aggressive clinicopathologic features, tumor subtype, and poor survival rates. Similarity, qPCR evaluating microdissected preoperative biopsies from patients with rectal cancer showed a significant correlation between miR-133b and distant-metastasis-free survival \[[@R82]\]. In all resected colon cancer tissue without patient\'s recurrence, the miR-133b expression was significantly upregulated \[[@R83]\]. High expression of miR-185 and low expression of miR-133b were correlated with poor survival and metastasis in colorectal cancer \[[@R84]\], which suggest the potential prognostic values of these miRNAs for predicting clinical outcome after surgery, miR-1 and mir-133b have been significantly downregulated in recurrent PCa specimens and can serve as novel biomarkers for prediction of PCa progression \[[@R85]\]. Serum and secretions are another important clinical specimens, circulating serum miR-133b can be identified as the most important diagnostic and prognosis markers in breast cancer \[[@R86]\], gastric cancer \[[@R87]\] as well as in osteosarcoma \[[@R88]\], and miR-133b were significantly downregulated in prostatic secretions of patients with prostate cancer and could be used as diagnostics markers \[[@R89]\].

miR-133b may not only serve as both diagnostic and prognostic biomarkers but have great therapeutic potential in clinical practice. In a study of seeking the optimal miRNA delivery systems to treat lung cancer, miR-133b was selected because it directly targets the MCL-1 thus regulating cell survival and chemotherapeutic sensitivity, the result from this research demonstrated cationic lipoplexes may be a promising carrier system for miRNA-based therapeutics in lung cancer treatment \[[@R90]\]. Also in lung cancer, the experiment *in vivo* showed alteration of serum miR-206 and miR-133b may have to do with lung carcinogenesis induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone \[[@R91]\]. MiR-133b consistently overexpressed in tolerogenic dendritic cells, which will provide possible therapeutic targets in the treatment of cancer and autoimmune diseases \[[@R92]\].

The dual expression of miR-133b in human cancer {#s1_10}
-----------------------------------------------

miRNA microarray data and most individual experiments have demonstrated that miR-133b was frequently down-regulated in various cancers and have tumor-suppressive functions \[[@R93]\], such as firstly been detected in colorectal cancer \[[@R64], [@R94], [@R95]\], and subsequently in SCC of tongue \[[@R47], [@R96]\], bladder cancer \[[@R97], [@R98]\], urothelial carcinoma of the bladder \[[@R78], [@R99], [@R100]\], lung cancer \[[@R51], [@R77], [@R101]\], glioblastoma \[[@R34], [@R60]\], ovarian cancer \[[@R48]\], prostate cancer \[[@R23], [@R49]\], gastric cancer \[[@R31], [@R80], [@R99], [@R102], [@R103]\], head and neck cancer \[[@R104]\], GIST \[[@R62]\], osteosarcoma \[[@R38], [@R105]\], rhabdomyosarcomas \[[@R106]\], ESCC \[[@R61], [@R102], [@R103], [@R107]\], uterine sarcomas and mixed epithelial-mesenchymal uterine tumors \[[@R108]\], renal cell carcinoma \[[@R109]\], hepatocellular carcinoma \[[@R39]\], laryngeal cancer \[[@R110]\]. Some cancers however show that elevation of miR-133b levels promotes cancer progression. Such as miR-133b with a high expression in HC, the miR-133b/PPP2R2D signaling pathway affects the effectiveness of cDDP chemotherapy \[[@R69]\], upregulation of miR-133b shortens the latency of cervical carcinoma \[[@R55], [@R111]\], miR-133b is directly up-regulated by AR in androgen-dependent PCa \[[@R24]\], overexpression of miR-133b as VHL-specific miRNAs in pheochromocytoma and paraganglioma \[[@R112]\], Overexpression of miR-133b in less aggressive LNCaP cells boosted cell proliferation and cell-cycle progression \[[@R25]\] and have decreased survival in progression bladder cancer \[[@R79]\], compared to primary colorectal tumors, the cases with liver metastases demonstrated increased expression of miR-210 and miR-133b and associated with lower survival \[[@R113]\]. Moreover, microenvironment associated with cancer also have high expression of miR-133b, such as miR-133b in cancer associated fibroblasts \[[@R66]\], in GBM microvasculature \[[@R56]\]. Yet it is also worth noting that different research teams shows distinctly different miR-133b profiles even in the same tissues, the reason leading to these potentially conflicting and inconsistent results may be the method of miR detection, different intracellular signal transduction pathway, different miR assay platforms or the difficulties to distinguish the mature miR isomers (miR-133b belongs to myomiR families).

To better understand the role of altered expression of miR-133b in human cancer, we use OncoLnc (<http://www.oncolnc.org/>) exploring survival correlations of miR-133b in cancer (OncoLnc is a database can provide survival data for 8,647 patients from 21 cancer studies performed by The Cancer Genome Atlas (TCGA)). The result showed 9 cancer data which uncovered similar results as above that different expression of miR-133b plays tumor suppressor and tumor promoter in various malignant tumors. (Figure [4](#F4){ref-type="fig"}). All indicated the fact that miR-133b regarded as much-anticipated biomarkers is gradually moving, though much is still to be done.

![The dual expression of miR-133b in human cancer\
The database OncoLnc was used to explore survival correlations of miR-133b in cancer, the database provided 9 cancer data between miR-133b and human cancer, the Cox coefficient and *p-value* are from the gene term in precomputed multivariate Cox regressions and the FDR correction is performed per cancer analysis per data type (left); the representative example of OncoLnc Kaplan-Meier results(right), in head and neck squamous cell carcinoma(HNSC), the low expression of miR-133b have a higher survival rate(upper right); in Cervical cancer (CESC), the high expression of miR-133b have a higher survival rate(lower right). More details and abbreviation can be found in TCGA(<https://cancergenome.nih.gov/>) and OncoLnc(<http://www.oncolnc.org/>).](oncotarget-08-50193-g004){#F4}

Regulatory mechanisms leading to abnormal expression of miR-133b {#s1_11}
----------------------------------------------------------------

What matters, and become more particularly significant in all these studies, is the abnormally expressed miR-133b in human cancer and to illuminates the underlying mechanism resulting in alteration. Regulation of microRNA expression can be exerted through several mechanisms such as chromosomal abnormalities, biogenesis defects, epigenetic changes, transcription, miRs-oncogenes feedback mechanism \[[@R4], [@R114]\].

Epigenetic modifications {#s1_12}
------------------------

Epigenetics is a pivotal mechanism involved in regulating the progression of malignant tumor. Existing studies have shown that miR-133b dysregulation in tumor is regulated by epigenetic modifications. Histone methylation inhibitor DZNep or histone deacetylation (HDAC) inhibitor SAHA consistently increased the expression of miR-133b/a-3p in GC cell lines, and last but not least, decreased levels of H3 acetylation and increased levels of H3K27me3 were observed in the promoter region of miR-133b, all this indicating that both histone methylation and histone acetylation might be responsible for miR-133b/a-3p downregulation, but simultaneously discover showed DNA methylation inhibitor 5-Azacytidine\'t didn\'t increased the expression of miR-133b/a-3p in GC cell lines \[[@R30]\]. Compared with it, a research conducted in colorectal cancer found the CpG islands of miR-133b promoter presents hypermethylation in CRC tissues and cells, functional analysis demonstrated that demethylation treatment with 5-aza-2\'-deoxycytidine (5-Aza-CdR) can increased the expression of miR-133b and then reversed its anticancer effects. At the same time, the study also shows that histone deacetylase (HDAC) inhibitor (PBA) can increase the expression of silenced miR-133b, which may imply histone modification also mediate miR-133b expression \[[@R115]\].

In addition, miRs themselves are capable of targeting genes which regulate epigenetic pathways. Dysregulation of DNMTs, a key DNA methylation enzyme including DNMTs 1, 3A, and 3B, has been linked to various disease processes, including cancer and congenital disorders. These enzymes are predicted to be potential targets of miRNAs, just as the miR-29 can regulate methylation-silenced genes by target DNMTs 3A and 3B. But in a research of acute myeloid leukemia, Niederwieser C et al. \[[@R116]\] found that high DNMT3B expression seemingly an independent prognostic factor from mechanisms of DNA hypermethylation and/or microRNA-dependent gene repression, at the same time they attempted to explain why the miR-133b presented unique upregulation in high DNMT3B expressers. In summary, the epigenetics--miRNA regulatory circuit plays an important role in abnormal expression of miR-133b. (Figure [3A](#F3){ref-type="fig"})

Transcription factor and noncoding RNAs involved regulation {#s1_13}
-----------------------------------------------------------

The dysregulated miRs expression in cancer can also result from increased or decreased transcription activity at the gene promoter. Some reports in prostate cancer have identified miRs in androgen receptor (AR) signaling, such as miR-21, owing to AR binding on the defined promoter, was directly up-regulated by AR \[[@R117]\]. To better elucidate miRs roles in AR signaling, Wenjuan Mo etc. \[[@R24]\] introduced Response Score to identify AR target miRNAs and 15 miRNAs were theoretically identified as candidate in the end, based on GenMAPP and ChIP assay results they found a significant AR-binding to the chromatin of predicted AREs (in the upstream and downstream 15 kb of pre-miRNA\'s 5′-start site) in miR-19a, miR-27a and miR-133b in treated LNCaP cells, and AR driven transcription of these miRs. An extensive new research study \[[@R118]\] has found that flavin-dependent monoamine oxidase KDM1A can triggers androgen-induced miR-133b transcription via H3K4me2 demethylation and DNA oxidation. Similarly, miR-133b dysregulation in colon cancer cells was allegedly due to the change of transcription activity caused by TAp63, miR-133b is a transcriptional target of TAp63 so that p63 can directly drives the miR-133b expression via the binding site, what is important is that TAp63 can inhibit cells migration and metastasis by indirectly regulating the expression of target gene of miR-133b (such as RhoA) and epithelial--mesenchymal markers in colon cancer in virtue of TAp63/miR-133b axis \[[@R119]\].

In addition to changes of transcription activity of a transcription factor, microRNA expression can be also modulated as a consequence of potential synergy between noncoding RNAs, such as miRs themself and long non-coding RNA, a research that miRNA profiling and quantitative integrated omics analysis of a pancreatic cancer cell line found overexpression of miR-145 can increase other miRs including miR-124, miR-133b and miR-125a-3p, all of which are implicated in inhibition of tumors and are generally co-regulated with miR-145 in other cancers \[[@R120]\]. Long non-coding RNAs (lncRNAs) have emerged in recent years engaging in numerous biological processes across species \[[@R121]\]; despite no researches about miR-133b-lncRNA regulatory network have been reported in human cancer, but the research evidence from out group (unpublished) and the fact that miR-133b is one of the earliest validated ceRNA regulators \[[@R122]\] make us believe that the mutual regulation and synergistic effects of miR-133b-lncRNA can be found in tumor. (Figure [3A](#F3){ref-type="fig"}).

Conclusion and perspective {#s1_14}
--------------------------

As noted above, discrepancies present in miR-133b profiles detecting, even in same tissues. One the underlying causes may be that most of these researches come from individual studies and small sample size, despite the ethnic variation and tissue specificity, more researches need to be done and techniques just as employing pri- or pre-miR RT-PCR assays and deep sequencing should be improved and adopted to accurately re-evaluate the genome-wide miRs expression profiles of different cancers. Simultaneously, miRs-mRNAs regulatory networks are extraordinarily complex; some research indicates that only a small portion of protein expression changes could be explained by predicted direct binding of miRNAs to corresponding mRNAs \[[@R123]\], so more detailed endogenous network regulation should be clarified. All these are important to understand the regulation process of particular pathological states. In the era of personalized medicine, miRNAs can become a long-awaited and was full of prospects marker in diagnostic and therapy development for various kinds of human cancers. Nonetheless, there are still lots of new challenging jobs to address in order to take advantage of miRNAs as efficient and safe therapeutics.

Here, we describe miR-133b, one of the myomiRs, was involved in human cancer, stressing its individualistic roles as tumor activators and suppressors, and discusses the concrete mechanism playing in different hallmarks of cancer and possible use in the clinic as predictive markers and as therapeutic strategies for tumor patients. With the in-depth research, individual myomiRs have unique functional roles in the physiological-biochemical mechanism of numerous non-muscle cells and tissues, beyond their initial definition as muscle-specific factors, and hence elucidation of these myomiRs and their complicated regulation network together or independently becomes particularly important.
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